Objective: To quantify outcomes of individuals diagnosed and treated for prostate cancer in a single institution.
Despi te the prevalence of prostate cancer (it is the most frequently diagnosed cancer in males over the age of 50), 1 a number of uncertainties regarding the use of screening tests and treatment regimens exist. This has become more evident with the recent focus on comparative effectiveness research, where at least three questions regarding the efficacy of current prostate cancer care practices were ranked within the top 50 health care priorities for research. 2 Until the completion of randomized controlled trials to answer these pressing questions, we can characterize the historical treatment and screening trends.
With the development of the prostate specific antigen (PSA) test in the late 1980's, prostate cancer incidence increased dramatically; yet, questions have remained regarding the ability of the test to distinguish clinically relevant disease from indolent disease, [3] [4] [5] [6] and also whether the test truly saves lives through early detection. [3] [4] [5] [6] There are a number of recommendations regarding screening, including age-specific PSA values 7 and characterizing the population into groups to increase the benefit of screening. 8 Recently, there was a proposal to stratify the population based on genetic background with different PSA cutoff values for biopsy for each group. 9 The US Preventative Services Task Force most recent draft recommendation, which is still undergoing comment, recommends against any PSA screening for prostate cancer in non-symptomatic males. 10, 11 Long-term studies designed to answer questions regarding screening, such as the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening trial in the United States and the European Randomized Study of Screening for Prostate Cancer (ERSPC) trial in Europe, are still ongoing, and in the interim have reported conflicting results regarding the benefit of screening. [12] [13] [14] Despite these ongoing questions, screening is widespread in the US population, 15, 16 with over 50% of the participants in the PLCO control arm undergoing PSA screening. 12 Here we report characteristics of prostate cancers diagnosed with and without PSA testing.
Once prostate cancer is diagnosed, there are a number of treatments for clinically localized prostate cancer. Patients and providers can choose watchful waiting, active surveillance, radiation therapy, or radical prostatectomy. To add to the number of possible choices, newer treatments such as robotic assisted surgery, internal brachytherapy, intensity modulated external beam radiation therapy, and the combined use of hormonal agents with radiation have all become available for the treatment of prostate cancer. [17] [18] [19] Even as the number of treatment options continues to expand, systematic reviews of treatment options have failed to determine a clear advantage of any single treatment. 19 Patients and providers are faced with a lack of clear guidelines regarding which treatment option offers the best long-term disease-free or survival benefit, and they often choose treatments based on potential side effects. 20, 21 Even when long-term information is available, standard radiation dosage and delivery systems have evolved over the past 10 years, making comparisons even more difficult. 22, 23 The need to address the lack of clear comparative effectiveness trials has been placed in the top tier of the research priorities set by the federal government. 2 Here, we describe the historical outcomes of a populationbased cohort of patients diagnosed with prostate cancer at a single multi-specialty institution in rural Wisconsin. Using the electronic medical record (EMR) and a cancer registry that has recorded outcomes from 1960 to the present day; we investigated prostate cancer outcomes in both the pre-and post-PSA era. This rich historical dataset provides an opportunity to describe the outcomes from all treatment options offered by the institution.
Materials and Methods

Population
This study was conducted using the population from the Marshfield Clinic in Marshfield, Wisconsin. Marshfield Clinic is the largest, private, multispecialty, group practice in Wisconsin and one of the largest in the United States, providing health care services annually to approximately 385,000 unique patients through 1.8 million annual patient Prostate screening and outcomes (table 1) .
Data Analysis
Prostate cancer diagnostic and treatment trends over the course of four decades were described. Summary statistics for each variable were stratified by decade, missing information, and treatment trends were highlighted.
PSA Screening
To investigate PSA screening patterns in the diagnosis of prostate cancer, the number of PSA-screened cancers diagnosed was determined in 2-year increments, as well as the average PSA value at diagnosis. We stratified the PSAscreened prostate cancers by the age of diagnosis to determine age trends. For these analyses, we used individuals diagnosed with prostate cancer from 1990 to 2008 to capture historic trends in PSA-screened cancers. Summary statistics and univariate chi-squared analysis for stage, grade, and age at diagnosis were also performed for individuals with PSAscreened prostate cancers and those with prostate cancer not diagnosed via PSA screening.
Treatment Outcomes
We summarized treatment trends in 3-year increments based on age at diagnosis, PSA screening, and tumor stage. We also summarized recurrence based on treatment type for each age group and stage. In our treatment data, external beam radiation therapy (EBRT) was characterized into two different treatment types; EBRT of an undefined dosage and photon treatment with a specified dosage. Because the EBRT category represented an earlier radiation treatment, we chose to keep these categories separate for analysis. Finally, we summarized average number of years between treatment and biochemical recurrence, death, or metastasis. Prostate cancer death was recorded from the cancer registry cause of death field, and was only counted in the total death count if prostate cancer was listed as the cause of death. Recurrence and metastasis required a physician to document this in the medical record for incorporation into the cancer registry file. Recurrence based on PSA values would differ dependent on treatment type; as an example, for radical prostatectomy this would mean a rising PSA beyond 0.02 ng/mL, and for radiation therapy 2x PSA nadir. All summary and univariate chi-squared analyses were performed using SAS v9.1 (SAS Institute, Cary, North Carolina).
Results
Patient Characteristics by Decade
For each decade, the average age at diagnosis, tumor grade, average number of years of follow-up available, number of known deaths from all-cause mortality, and the average number of prostate-specific deaths were recorded (N=6181) ( 3). We were unable to discern differences in prostate-specific mortality in the screened versus unscreened population because of the limited number of documented prostate cancer deaths in this population (n=20), and the fact that most of these deaths occurred in the indeterminate group, a single PSA screen at diagnosis (n=11).
Treatment Characteristics by Decade
Patient characteristics for treatment, including the number and average age at treatment, were captured for each decade. The first course of each treatment was captured for each patient. However, due to the nature of the data reported here (by year), we are unable to determine which treatment was the initial treatment when all treatments were in the same year. figure 5 ). Individuals over the age of 74 were most likely to receive conservative treatments such as no treatment or hormonal-only treatment (46% with these two combined treatments versus 5% for the youngest age group) (figure 5).
Treatment Outcomes
We further characterized treatment in the modern era by determining the recurrence, metastasis, and documented prostate cancer deaths in a subset of our population. Individuals with localized disease (stage 1 or 2) who were treated with radical prostatectomy, brachytherapy, EBRT, or combination therapy were included in the population (n=1895). Individuals with indeterminate treatment such as unspecified radiation or surgery or no documented treatment were excluded from the population. Using this criteria, there were 21 recorded prostate cancer specific deaths. We then characterized treatment with regard to recurrence and metastasis documentation in the cancer registry, based on abstraction from the medical record. Total event-free survival was tabulated across all events (recurrence, metastasis, and death), and an individual with multiple events was only counted once. As anticipated, the percentage of events increased from To better characterize event-free survival, we stratified treatments by age group, treatment type, and number of years of follow-up information (0-5 years, 0-10 years, and 10+ years) (figure 6). The oldest radiation treatment, EBRT with an unspecified dose, compared poorly with all other treatments (P≤0.001), 73% average 5-year event-free survival, and a 62% 10-year event-free survival, versus 90% average 5-year event-free survival and a 76% or greater 10-year event-free survival for other treatments (figure 6). Differences between treatments such as brachytherapy, intensity modulated radiation therapy, photon treatment of specified dosage, and radical prostatectomy were not significantly different (P=0.85). Few comparisons can be made due to the small number of individuals with over 10 years of treatment history, but the trend toward prostatectomy and brachytherapy outperforming older EBRT treatments is still seen.
Discussion
Here we investigate the historical screening and treatment outcomes of a single institution. Our use of the EMR for determination of both historic and current prostate cancer treatment outcomes provided evaluable, useful data, even when derived from patients treated decades ago. On average, we had over 8 years of recorded follow-up on individuals treated beginning in 1980. We were able to demonstrate changing PSA screening trends and a decreased age at initial diagnosis. In addition, we could highlight the changing treatment patterns with age of diagnosis. Using all available outcome fields from the cancer registry (metastasis, recurrence, and death), we were able to categorize outcomes for both current treatments and historic treatments for both surgical and radiation patients.
However, the electronic records did have several limitations. PSA testing could not be unequivocally considered screening without further manual chart review. Other factors that affect PSA screening such as insurance status and socioeconomic status were not considered in this study. We did not capture the frequency of healthcare visits; therefore, it is difficult to determine whether the lack of a PSA test was due to intentionally declined screening or lack of access to a healthcare provider. We also did not capture digital rectal examinations. We were unable to easily capture the Gleason score for our prostate cancer patients, as this information is not routinely kept in our cancer registry. We could not capture the intent to treat, particularly when no treatment was performed; therefore, we make no comparisons between treatment and watchful waiting or active surveillance. We captured the type of radiation treatment within our cancer registry, but the radiation dosage is not stored in a field available for electronic queries, making comparisons difficult. EBRT is split in our cancer registry into photon treatment with dosage and EBRT without a dosage, which is a proxy for the older radiation treatment regimen. Another limitation of this study is its observational retrospective nature.
Despite these limitations, this study can provide insight into both national and institutional practice trends. 25 recorded a trend toward decreasing age at diagnosis in successive generations in families with a history of prostate cancer. Our data mirrored this trend, with the first diagnosis of prostate cancer decreasing from age 72 in the decade prior to PSA testing to age 67 in the current decade (2000's). While we did not have enough historical stage and grade information to discern if there has been a trend toward less aggressive cancer, nationally this trend has been observed. 26, 27 Our data did indicate that those diagnosed without a prior PSA screening were more likely to have advanced disease stage, T2c or greater.
The individuals diagnosed without a prior PSA screening or with only a single PSA test were more likely to have advanced cancer. This most likely represents a group of patients with symptomatic cancer, or digital rectal exam screened patients; but, we did not pursue further chart review to investigate these possibilities. However, this is consistent with other studies that have compared individuals who are diagnosed with and without PSA testing. In the large US screening trial, PLCO, individuals who were diagnosed with prostate cancer Prostate screening and outcomes Figure 6 : Event free survival for prostate cancer treatment by treatment type and age group for 5 and 10 year survival (n=1857). The number of individuals in each age and treatment group is represented by the size of the symbol ( n < 75, n < 150, n < 300, n > 500).
based on symptoms or a digital rectal exam were more likely to be diagnosed with advanced prostate cancer. 28 When Pelzer et al 29 compared PSA screened patients to patients referred without PSA screening, those with no screening were more likely to have higher grade and stage cancer.
For the second group of patients most likely to be diagnosed with advanced cancer, those with only a single PSA test, we did not determine if the single PSA test was a diagnosis at first screen or whether the suspicion of cancer or cancer symptoms initiated a PSA test. Further chart review would be necessary in the future. It is not surprising that initial PSA testing produced a large number of positive cancers. The PLCO outcomes indicated a larger positive predictive value for the first PSA screening, 28 and the ERSPC trial also found that cancers detected with the initial screening were more likely to be advanced stage. 30 This may explain the larger number of individuals diagnosed with prostate cancer with a first screen in the younger age groups.
Prostate cancer therapy trends at our institution closely mirrored others reported, with radical prostatectomy treatment approaching 49%, radiation therapy (both external and brachytherapy combined) 25%, no treatment approaching 9%, and hormonal therapy of approximately 8% at our institution. This is similar to the trends reported by NCI SEER outcomes (45% radical prostatectomy, 24% total radiation, 8% hormonal, and 9% watchful waiting) 31 and within the regional trends reported by the Centers for Disease Control and Prevention (CDC) National Program of Cancer Registries (NPCR) Patterns of Care (PoC1) study. 32 Once prostate cancer was detected, we also observed a decrease in the age of surgery with successive decades, with the average age of surgical intervention as early as 63 years for the current decade and more conservative treatment likely for older age at cancer diagnosis. This trend has been observed elsewhere around the United States. Using the NCI SEER database, Lin et al noted that younger men were more likely to be treated with prostatectomy. 24, 27, 33 The PoC1 study also found that age at diagnosis affected the likely treatment choice, with older patients more likely to receive conservative treatment and younger individuals more likely to receive radical prostatectomies. 32 Single institution treatment trends, such as at Yale University, also reported a disparity in the ages of individuals receiving radical prostatectomy versus radiation implant treatment, with younger individuals receiving prostatectomy. 34 Comparing radical prostatectomy and radiation treatment outcomes was challenging, as we had few documented prostate cancer deaths in our population. This is one of the challenges for determining treatment outcomes in prostate cancer, with low recurrence rates and a high competing mortality rate based on the age of diagnosis of many individuals.
When using recurrence documented in the cancer registry as an endpoint, our results were similar to other institutions. It should be noted that recurrence in our study required a notation in the medical record and is based on different criteria depending on the treatment regime. Kupelian et al 35 found brachytherapy and radical prostatectomy had similar biochemical failure rates and worse outcomes for low-dose EBRT. We found worse outcomes for our EBRT group when compared to brachytherapy and radical prostatectomy as well; but, we were unable to separate low-and high-dose EBRT, since we did not have dose information. A study of radioactive implant versus surgery found no differences in survival when comparing treatment at Yale University School of Medicine from 1992 through 2005. 34 Our data contrasts with the Swiss study that concluded that surgical treatment had the best long-term survival rates for younger patients; 36, 37 however, this study did not specify radiation dosages, used clinical grading and staging for radiation patients, and pathological grading and staging for surgery patients, all of which may account for some of the survival differences. 22 It should be encouraging to patients and providers that currently we do not see clear treatment benefits from a particular type of treatment, and any treatment received appears to have a beneficial 5-and 10-year event-free survival horizon.
Conclusions
In this study, we used entirely electronic data collection to determine the historical trends for treatment and outcomes for the Marshfield Clinic. The prostate cancer screening and treatment trends for the Marshfield Clinic have followed national patterns. Prostate cancer detected from screening was less likely to be advanced stage. In this study, age at diagnosis influenced treatment trends.
